Seaweed is well known about for potential in chelating heavy metals. In this study, carbon paste electrodes were fabricated with siphonous seaweed Acetabularia acetabulum as the modifiers to sense lead (II) and copper (II) by square-wave anodic stripping voltammetry. Various scan rates and deposition potentials were measured to obtain the optimal peak current for Pb(II) and Cu(II). Optimum conditions of Acetabularia-CPE for sensing Pb(II) were at the scan rate of 75 mV/s and deposition potential of −800 mV, while for Cu(II) sensing were at 100 mV/s and −300 mV, respectively. The electrodes were characterized by the duration of accumulation time, preconcentration over a range of standards, supporting electrolyte, and standard solutions of various pH values. Interference studies were carried out. Both Zn(II) and Cu(II) were found to interfere with Pb(II) sensing, whereas only Zn(II) causes interference with Cu(II) sensing. The electrode was found to have good regeneration ability via electrochemical cleaning. Preliminary testing of complex samples such as NPK fertilisers, black soil, and sea salt samples was included.
Introduction

Background.
Brunei Darussalam is a coastal country located at the northern coast of the island of Borneo in Southeast Asia. Although many people who are aware of world's economy and policy know that Brunei is an oil-rich country, some of them are not familiar with its geographical location. Being in Southeast Asia, this country is not only rich in petroleum resources but also possesses high biodiversity in the land and marine environments. Some of these organisms are potential modifiers for biosensor.
The potential of marine aquatic algae is well known for the capability of accumulating high level of heavy metals from the seawater. In seawater, the concentration of heavy metal is very low. At 3.5% salinity, the typical seawater contains 0.03 ppb lead and 0.9 ppb copper [1, 2] . According to Campanella et al., brown algae Padina can accumulate 4700 times more copper and 24000 times more lead [3] . Wang et al. reported that the binding site of algae has low affinity for alkaline metal and could trap cationic complexes in the presence of 1000-fold excess of potassium ions [4] . Accumulation of trace metals by algae is usually occurring by biosorption.
Biosorption refers to the removal of heavy metals from an aqueous solution by binding to a nonliving tissue or biomass [5] . Biosorption of metal ions into the cell wall of algae does not require the organism to be alive, and the controlled conditions of metal binding are usually fatal to a living organism [6] . The binding of metal contains a number of passive accumulating processes, which may include adsorption, ion exchange, coordination, complexation, chelation, and microprecipitation [7] . One of the main mechanisms of biosorption is by ion exchange [8, 9] . Ozer et al. reported that the cell wall of green algae, Cladophora crispata, contained polysaccharide that provided the amino, carboxyl, hydroxyl, phosphoryl, and sulphate groups for metal binding [8] . Cladophora crispata was found to bind Zn(II) [8] and Cd(II) [10] . Vasconcelos and Leal mentioned that hydroxyl, sulphate, and carboxyl groups of algal polysaccharides are strong ion exchangers [11] . Vasconcelos and Leal also mentioned that proteins, lipids, and nucleic acid that are present on the cell membrane of the macroalgae contain amine, carboxyl, imidazole, thiol, thioester, and the nitrogen and oxygen of peptidic bindings, which can bind metal ions [11] . These qualities of binding trace element make algae an exciting material for fabrication of sensors.
Siphonous Green
Algae. "The siphonous green algae is defined as an assemblage of seaweeds that consist of a single giant cell" [12] . Some families of the siphonous green algae are Bryopsidales, Codiaceae, and Dasycladaceae which include the Codium and Acetabularia species [13] .
Cellulose is the main structural polysaccharide that made up the cell wall of higher plant, whereas siphonous green algae, with an exception to Bryopsidales family, utilize other alternatives such as xylan, mannan, or combination of other polysaccharides [14] . The cell wall of Acetabularia species is made up of -1, 4-linked mannan as sole crystalline polysaccharide and contains no cellulose [15] .
Acetabularia acetabulum (synonymous Acetabularia mediterranea), commonly known as the mermaid's wineglass, was found in abundance along the Brunei coastline, particularly in Jerudong coastal areas [16] . Bispat et al. studied Acetabularia acetabulum collected in Tanjung Batu near Muara Beach in Brunei Darussalam, and determined the concentration of four metals: cadmium, copper, iron, and zinc in the macroalgae. Acetabularia was reported to contain 12.3 g g −1 dry weight of cadmium, 100 g g −1 copper, 390 g g −1 iron, and 151 g g −1 zinc [17] . This finding proved that the Acetabularia acetabulum is capable of accumulating heavy metals.
There is currently no study on the use of Acetabularia species as a modifier for carbon paste electrode (CPE).
Carbon Paste Electrode (CPE).
Carbon paste electrode (CPE) is a sensor for sensing electroactive species and is more commonly used for voltammetric measurements. CPE is popular because of its low cost and the ease of preparation of the sensor.
CPE is made by mixing the carbonaceous material, liquid binder, and modifiers. The carbonaceous material needs to be of high purity, micrometer in size, and low absorption capability [18] . The most commonly used carbonaceous material for CPE is graphite. Other carbonaceous materials reported to be useful in CPE were the graphene [19, 20] , glassy carbon microparticles [21] , and carbon nanotubes [18] . Liquid binder is required for holding the carbon particles together and needs to be chemically inert, of electroinactivity, low volatility, and minimal solubility, and immiscible with organic solvents. The commonly used binder is mineral oil or paraffin oil. Other common binders are Nujol and Uvasol [18] .
CPE is grouped according to the modifier used. The two types of CPE are chemical-modified carbon paste electrode (CMCPE) and carbon paste biosensor (CPB). CMCPE uses either inorganic or organic chemical substances of synthetic origins as modifiers (e.g., polymer, synthetic dyes), whereas CPB material uses substances of natural origins (e.g., enzymes, tissues) [18] .
In this study, CPEs were fabricated to analyse copper and lead ions. Some examples of modifiers used in CPE for detecting lead were lichen [22] , weed [23] , coconut husk [24] , and chitosan [25] , whereas for copper detection includes algae [6] , vermiculite [26] , and coal [27] .
Copper and lead are very frequently determined using atomic absorption spectrometry (AAS) with flame detection, graphite furnace atomic absorption spectroscopy, inductively coupled plasma atomic emission spectroscopy (ICP-AES), and inductively coupled plasma mass spectrometry (ICP-MS) [24] . The disadvantage for both AAS and ICP is the cost of consumables and parts with a limited lifetime and their high operating cost. On the contrary, voltammetric measurements using CPE are relatively inexpensive and have higher sensitivity and selectivity than AAS and ICP-AES.
Copper is a very useful metal which possesses many attractive characteristics for industrial uses and is also considered a micronutrient required by plant and animal. However, high concentration of copper intake can result in toxicity effects in both plant and animal. Symptoms of copper toxicity in plant include chlorosis, poor root growth, and ion leakage through the cell membrane [28] , whereas in human, reported toxicity cases included kidney and liver damage, anemia, immune toxicity, and gastrointestinal distress (nausea, abdominal pain, vomiting, and diarrhea) [29, 30] .
Lead has no nutritional importance in animal diet and can cause severe health hazards if there is an overexposure. Lead usually accumulates in the skeleton and disrupts the enzyme system that is required for the production of haems. Lead also causes kidney tumors and acts as a neurotoxin to the nervous system [31] . Lead can enter the human system through several pathways, for example, the inhalation of dust and polluted air, through the dietary intake of food, water, and medicines, and uses of pottery and porcelain products [32, 33] .
Aims and Objectives
The main aim of this study is to develop a low-cost carbon paste electrode (CPE) modified with nucleophilic molecules for the voltammetric determination of copper and lead ions in aqueous samples. The objectives are to fabricate Acetabulariamodified CPE and optimize the parameters so that the same CPE can detect both copper and lead ions by square-wave anodic stripping voltammetry.
Experimental
3.1. Instrumental Setup. eDAQ Potentiostat, equipped with e-corder 401 and eDAQ software Echem Version 2.1.5, was used during the evaluation of the electrode. pH of the standard solutions was adjusted and measured using Thermo Scientific Orion 2 star benchtop pH meter, and the pH calibration buffer solutions were obtained from Eurotech. The Acetabularia sample was milled with Perten Instruments Laboratory Mill 3310. The complex samples were analyzed with Shimadzu AA-6701F Atomic Absorption Flame Emission Spectrophotometer.
Three-electrode system was used for the voltammetry, which consisted of a carbon paste electrode with 3 mm internal diameter as the working electrode, a silver-silver chloride reference electrode saturated with 4 M potassium chloride, and a platinum wire as the counter electrode.
Chemicals and Reagents.
The carbon paste was prepared using Sigma-Aldrich graphite powder (99.99% < 150 micron particle size) and Sigma-Aldrich mineral oil. All metal standards (Cd(II), Co(II), Cu(II), Ni(II), Pb(II), and Zn(II)) involved in this study were of analytical grade in nitric acid (Scharlau).
0.1 M potassium nitrate (Merck, analytical grade) was used as a supporting electrolyte to match the presence of nitrate in the metal standards.
Sodium hydroxide and nitric acid were obtained from Merck and were used for adjusting the pH of electrolyte and standard solutions of specific pH.
Preparation of Modifiers.
Green macroalgae, Acetabularia acetabulum, was harvested by handpicking from the shallow water lagoon in Tanjung Batu, one kilometer away from Muara Beach, Brunei Darussalam, which was only accessible during low tide. The seaweed Acetabularia was washed and soaked in double distilled water for six hours. The water was replaced with clean distilled water before sonicated for an hour to remove foreign particles such as sand on the surface of the seaweed. Seaweed was oven-dried at 60 ∘ C. Dried seaweed was crushed and milled using Perten Instruments Laboratory Mill 3310 to the smallest particle size of less than 0.5 mm. Milled Acetabularia was then ground using a pestle and mortar to obtain a fine powder.
Fabrication of CPE.
Acetabularia-modified CPE was prepared by mixing 6.4 mg Acetabularia powder (17.4%), 17.2 mg graphite powder (45.6%), and 20 L of mineral oil, which weighed 13.1 mg (35.7%). Small amount of Acetabularia powder was used because the amount higher than 20% w/w would result in significant expansion of the carbon paste during the analysis, causing the paste to loosen and move out of the electrode during stirring (preconcentration). Smaller amounts of Acetabularia powder (15% and 16%) were also tried and no significant differences were found in the signal.
Evaluation of Carbon Paste Electrodes (CPE)
Cyclic Voltammetry (CV). Cyclic voltammetry (CV)
was carried out to determine the potential window of the CPE and to check whether Pb(II) and Cu(II) could be analyzed using the modified CPE.
Pure nitrogen was bubbled into the supporting electrolyte for two minutes to purge out other dissolved gases, especially oxygen that may interfere with the CV [34] . The range of CV was set to run in positive initial direction from −1100 mV to +1400 mV, for one cycle at a scan rate of 100 mV/s.
Anodic Stripping Voltammetry (ASV).
The technique used was the square-wave anodic stripping voltammetry (SQ-ASV). Preconcentration was performed by dipping the electrodes in the standards for 1 minute while stirring the solution with a magnetic stirrer. The concentration of standards ranged from 1 ppm to 50 ppm.
To explore the effect of accumulation time, the dipping time was extended up to 5 minutes. Accumulation time was studied under four different concentrations of the standard (1, 10, 20, and 50 ppm). It was observed that many studies [22, 24, 35, 36] only conducted the measurement of accumulation time at a single concentration of the standard, which may not fully report the potential of the CPE.
Effects of pH in the supporting electrolyte and in preconcentration standards were also studied. Interference test was conducted by preconcentrating in solution containing interfering ions 50 times higher than the analyte ions. The analysis was carried out in triplicate.
Control Experiment.
A blank electrode was fabricated using 15.5 mg of graphite with 8.4 mg of mineral oil. The blank electrode was used to prove that the current peak signal was contributed by the modifier rather than the mineral oil or the graphite.
Electrode Regeneration.
After every ASV analysis, electrochemical cleaning was carried out by applying a potential of +1100 mV for 1 minute and then rinsing with distilled water. The electrolyte was replaced with new clean electrolyte from the stock solution after every analysis to minimize contamination from the previous analysis.
Preparation of Complex Samples.
Four samples (evaporated sea salt, commercial black soil, NPK fertilizer 1, and NPK fertilizer 2) were obtained from local department stores. The granulated fertilizer samples were crushed with a glass rod to improve their solubility. Soil and salt samples were used directly without any treatment. 15-20 g of samples was transferred directly into a conical flask, and 80 mL of 0.1 M HNO 3 was used for the extraction of Cu(II) and Pb(II). The samples were subjected to sonication for an hour. The residue was filtered and the filtrate collected in a 100 mL volumetric flask was topped up to the mark with 0.1 M HNO 3 . The solution was kept in the refrigerator and analysed within two weeks.
This extraction method for fertilizer and the soil samples may suggest the amount of copper and lead ions extracted within one hour of time using 0.1 M HNO 3 subjected to ultrasonic treatment. However, these solution extracts could not represent the total amount of copper and lead present in the sample as some insoluble solid remained. The sea salt sample was an exception as all the salt granules were dissolved and thus could represent the total amount of copper and lead ions in the sample.
Result and Discussions
Cyclic Voltammetry (CV).
The first step of characterization of the electrode is CV. From a cyclic voltammogram, the potential window can be determined, which is a constant region that exhibits the minimal current response [24] . The range of potential within the potential window is useful for the evaluation of electroactive species.
It was observed that the modifier only produced current responses at the extremes of the cyclic voltammogram, whereas the blank electrode produced no current response from −1100 mV to +1200 mV (versus Ag/AgCl) ( Figure 1 ). The potential window of Acetabularia-CPE ranged from −700 mV to +900 mV.
Scan Rate and Deposition
Potential. All ASV were carried out using SWV. The advantage of SWV over other voltammetric methods is the superb sensitivity and the rejection of background currents, allowing a low detection limit of 10 −8 M. The second advantage is the speed that is coupled with computer control and signal averaging, which allows experiments to be performed repetitively and increases the signal-to-noise ratio [37, 38] .
The main aim of optimizing scan rates and deposition potentials was to yield the highest possible peak current and apply it to the rest of the experiment.
The highest peak current obtained at a specific condition is known as the optimum parameter. The optimization of scan rates produced smaller signal differences when compared to the optimization by deposition potentials. The deposition potentials significantly influenced the peak current for both CPEs.
The optimum scan rates for Pb(II) and Cu(II) analyses were 75 mV/s and 100 mV/s, respectively, whereas the optimum deposition potentials were −800 mV and −300 mV. These optimum scan rates and deposition potentials were applied to the rest of the evaluation of CPE performance (Table 1) .
All the peaks produced at the optimum deposition potential for Acetabularia-CPE in both Pb(II) and Cu(II) analyses were within the inert potential window as shown by the cyclic voltammetry. This showed that Acetabularia-CPE was suitable for the evaluation of performance with Pb(II) and Cu(II). 
Effect of the Concentration of Standard Solution.
Acetabularia-CPE was preconcentrated in various concentrations of standard. The concentrations ranged from 0.1 ppm to 50 ppm at accumulation time of one minute. ASV was carried out under optimum scan rate and deposition potential. Pb(II) analysis displayed a linear increase ranging from 0.4 ppm to 5 ppm, whereas for Cu(II) analysis ranged from 0.4 ppm to 10 ppm (Figures 2 and 3) . Beyond the linear region, the graph gradually curved and then became constant. The constant region of the graph is a nature of preconcentration process and is expected to occur because the binding sites present on the electrode surface become saturated [6] .
A linear range of both electrodes can be extended by reducing the accumulation time and by not stirring the solution [6] . However, these modifications can reduce the peak current and undesirably increase the detection limit.
Effect of Accumulation Time.
The duration of dipping the modified CPE in a particular concentration of solution has a major effect on the amplitude of the peak current. The peak height increases with the duration of accumulation time, until reaching a saturation point where most of the binding sites on the surface of CPE are occupied.
Acetabularia-CPE generated higher peak current for Pb(II) than for Cu(II) under the same applied conditions. The CPE generated a linear increase in the peak current for both Pb(II) and Cu(II) at concentrations 1 ppm and 10 ppm and saturation did not occur (Figures 4 and 5) . 20 ppm Pb(II) generated peak current that reached saturation at 4 minutes of accumulation, whereas 20 ppm Cu(II) reached saturation after 3 minutes. 50 ppm Pb(II) standard displayed an increase Journal of Chemistry of peak current from 1 to 4 minutes of accumulation and showed a sign of saturation after the 4 minutes of accumulation, whereas 50 ppm Cu(II) displayed saturation within one minute. Similar optimized conditions of Pb(II) and Cu(II), used in Acetabularia-CPE, were applied to a blank electrode (CPE with no modifier). The blank electrode served as a control experiment and to show that the majority of the signals were caused by the modifiers. Five-minute accumulation of the blank electrode with ASV carried out at optimum deposition potential and scan rate resulted in no observable peak in 50 ppm Pb(II) and a peak current of 0.0095 A in the 50 ppm Cu(II), whereas Acetabularia-CPE produced average peak currents of 58.34 A, and 28.89 A respectively, under similar conditions (Figures 4 and 5 ). This showed that peak current that was generated by the blank electrode was negligible compared with peak current generated by the modified CPE. It was concluded that the graphite and mineral oil did not contribute significantly to any of the peak currents that were generated within 5 minutes of accumulation time.
Effects of pH in Preconcentration Standards
. pH is one of the most important characterizations of CPE, and it can greatly influence the peak currents generated by the CPE. was no visible precipitation observed in any of the standard solutions, and this may be due to the low concentration of standard used and low pH of the preconcentration solutions. The blank electrode exhibited negligible signal to all preconcentration standards, therefore, confirming that pH did not help improve binding of analyte ions to the graphite and mineral oil.
The optimum pH of Acetabularia-CPE in Pb(II) preconcentration solution was 2.9 ( Figure 6 ). pH lower than 2.9 showed little difference in the peak current. pH higher than 2.9 produced a gradual decrease in the Pb(II) peak current, and at the pH of 4.9, the peak current decreased to zero. The optimum pH of Cu(II) preconcentrating standard for Acetabularia-CPE is 2.7. The pH lower than 2.7 showed a gradual decrease in the peak current.
The binding of metal ions to binding sites on the modifiers, especially the algal cell wall, occurs via an ionexchange process [6] . Reduction of peak current as the pH became more basic was probably due to the formation of lead hydroxide and copper hydroxide, which depleted the cations existence as free ions, and thus less free cations were available at the binding sites of the modifier of CPE.
When the pH is low enough, the cations need to compete with protons for negatively charged binding sites of modifier [6] , and therefore very low pH can also result in the decrease of peak signal.
Effects of Supporting Electrolyte of Various pH Values.
As different supporting electrolytes were used, the effects may include the differences in the height of the peak currents under similar conditions and may alter the peak potential. In this study, only one electrolyte was used, which was the potassium nitrate. pH of 0.1 M KNO 3 was approximately 6.0. The pH of the KNO 3 electrolyte was altered by using HNO 3 and NaOH. pH below 3.1 was not used just in the case of potential fire hazard as nitrate is an oxidizing agent.
Acetabularia-CPE in both Pb(II) and Cu(II) analyses displayed optimum electrolyte pH at 3.1.
For Acetabularia-CPE, all of the modified pH electrolytes resulted in a higher peak current than the unmodified supporting electrolyte (Figure 7 ). The peak current generated by Acetabularia-CPE at pH 3.1 was 55.03 A; meanwhile, the unmodified electrolyte (pH 6.01) generated a peak current of 7.68 A. The Acetabularia-CPE also generated a similar trend in the Cu(II) analysis, where at pH 3.1 produced a peak current of 49.06 A, while at pH 6.01 produced a peak current of 13.30 A.
The order of the peak current height for Pb(II) analysis was pH 3.10 > 3.92 > 6.93 > 7.96 > 5.12 > 6.01, whereas for Cu(II) analysis was pH 3.10 > 3.92 > 6.93 > 5.12 > 7.96 > 6.01.
In anodic stripping voltammetry (ASV), the deposition potential (reduction process) dissociated the cations from the binding sites of modifier and diffused to the surface layer from the bulk of the electrode while metal being deposited on the surface is immediately available for the electrochemical oxidation reaction [26] . It could be explained that the optimum pH may promote the dissociation of cations from the binding sites of the modifier and maintain the cation at the surface layer of the electrode without leaching into the electrolyte. As a result, the cations are available for oxidation during stripping analysis.
Interference Studies.
Interference studies are usually undertaken to establish the selectivity of an analytical method for a particular analyte. For example, an interfering ion can prevent the primary analyte from being effectively accumulated at the electrode surface under certain conditions [26] . There is also a possibility that an interfering ion may produce Journal of Chemistry 7 a peak overlapping with the primary analyte peak as observed byŠvancara et al. [39] in the analysis of silver ion using CPE.
In this study, we classified changes of peak current of less than 20% as "weakly" interfered, between 20% to 30% change as "moderately" interfered, and any changes higher than 30% as severely interfered.
10 ppm standard was chosen because the peak current was large enough to be measured without reaching the point of saturation. Larger peak means a higher signal which can reduce the magnitude of errors. If the concentration used was too low, peak current may be too small and human errors may lead to greater inaccuracy.
The Pb(II) interference mixtures did not result in any deviation from the Pb(II) peak potential. It was observed that the Acetabularia-CPE in Pb(II) standard mixed with 50-fold Cu(II) and Zn(II) interfering ions resulted in a peak current reduction of 74.5% and 36.2%, respectively ( Table 2 ). These observations showed that only Cu(II) and Zn(II) resulted in significant reduction of the peak currents generated by 10 ppm Pb(II) standard. It was concluded that the Cu(II) and Zn(II) severely interfered with the Pb(II) for binding sites on Acetabularia-CPE. Co(II) weakly interfered with Pb(II) causing a 12.4% reduction of signal. The rest of the interfering ions did not produce significant changes (≤10%) as compared with a peak current generated by 10 ppm Pb(II) and therefore was labelled as very weakly interfered at 50-fold in concentration.
In Cu(II) interference analysis, most of the interfering ions weakly interfered with Cu(II), with an exception of Zn(II), which caused 23% reduction in the peak current.
There was no shift of the peak potential for all of the Pb(II) and Cu(II) peak currents, including those that were severely interfered. Blank electrode in the interference studies did not show any significant changes to the peak signal.
Complex
Samples. This section of the experiment was a preliminary study of complex samples with Acetabularia-CPE. Interference studies showed that performance of the CPE was reliable when analyzing weakly interfered solution that contained fewer metals; however, the same performance may not be achieved for complex samples.
AAS is the conventional method to measure Pb(II) and Cu(II). AAS data is reliable and served as reference data for comparison purposes. Acetabularia-CPE in Pb(II) analysis of the soil and both NPK fertilizer samples did not reveal any peak (Table 3 ). The absence of Pb(II) peak may be due to the presence of Cu(II) or other unknown cations which can compete with Pb(II) for binding sites. Acetabularia-CPE overestimated the concentration of Pb(II) in sea salt sample. Determination of Cu(II) in NPK fertilizer 1 and sea salt by Acetabularia-CPE was close to the value suggested by AAS.
There were uncertainties in the values suggested by Acetabularia-CPE with complex solutions. Acetabularia-CPE may not have worked well with complex samples at current stage because complex samples contain many cations and anions. The presence of other cations (not included in the interference studies) may potentially compete with Pb(II) and Cu(II) for the binding sites. The combined effects of many weak and moderate interferences acting together can also produce a large increase or decrease of the peak current. Various anions such as chloride, sulphate, and phosphate present in complex samples and their effects were unknown and not included within the scope of this study.
Surface Regeneration via Electrochemical Cleaning.
One of the main features of a CPE is the ability of a single electrode to be reused repeatedly. It was observed that electrochemical cleaning through application of fixed potential at +1100 mV for 60 seconds can remove the analyte that accumulated from the previous experiment to a negligible level. However, when the analyses were done with longer accumulation times or when relatively concentrated solutions were used, residual peaks appear attributable to remaining analytes that were not removed during electrochemical cleaning. For these instances, additional rounds of electrochemical cleaning were performed until the unwanted peaks were no longer observed. Alternatively, incubating the CPE in 0.1 M KNO 3 for 30 minutes can effectively reduce the unwanted peak to a negligible level. Residual peaks after electrochemical cleaning were rarely encountered when analyses were done at lower concentrations or with shorter accumulation times.
It is concluded that electrochemical cleaning is effective for Acetabularia-CPE. A single electrode was observed to still function after approximately 500 runs. These runs were performed within a span of one month and involved analyses of target analyte in standard solutions and samples as well as electrode regeneration using electrochemical cleaning. Ageing effects on electrodes were not observed within the short duration of one month.
Conclusions
Macroalgal Acetabularia is a good modifier for CPE in Pb(II) and Cu(II) sensing. By finding the optimum parameter, the same modifier can be used for studying different metals other than Pb(II) and Cu(II). The optimum scan rate for both Pb(II) and Cu(II) was 75 mV/s and 100 mV/s, respectively, whereas the optimum deposition potentials were −800 mV and −300 mV. Applying the optimum scan rate and deposition potential produced a higher peak current for successive characterisation.
Longer accumulation time produced a higher peak current, however, with the risk of reaching saturation. A concentration of 10 ppm standard produced sufficient peak signals for the interference studies and the pH analyses without reaching saturation.
pH is the most important condition as it directly affected the signal strength. Specific optimum pH of preconcentration solution usually at the acidic level successfully amplified the peak current of Acetabularia-CPE. pH-modified potassium nitrate supporting electrolyte successfully amplified peak current of Acetabularia-CPE at low pH. Interference studies showed that Cu(II) and Zn(II) competed and severely interfered in the activity of Pb(II) ions for the binding sites on active surface of Acetabularia-CPE. Zn(II) moderately interfered with activity of Cu(II).
A blank electrode was used to prove that the nonactive ingredients of the carbon paste electrode such as mineral oil and graphite did not contribute significantly to any part of the evaluation procedure. Acetabularia-CPE was also found to possess good regeneration ability where electrochemical cleaning effectively removed the analyte ions.
